Multi-component reactions, which generally mean one-pot processes involving several easily accessible reagents to produce a single product, have become an important area in modern synthetic chemistry.
1-10 Especially, multi-component reactions involving metal ion, amines, and formaldehyde have been utilized for the preparation of polyaza macrocyclic and macropolycyclic complexes containing N-CH2-N linkages.
2-10
For instance, the 14-membered hexaaza macrotricyclic complexes [M(2)] 2+ (M = Cu(II) or Ni(II)) containing two 1,3-diazacyclopentane rings have been prepared by the reaction (Eq.
(1)) of formaldehyde with one kind of triamine (diethylenetriamine) in the presence of the metal ion. 5 Recently, the 15-membered hexaaza macrotricyclic complexes [Cu(3)] 2+ and [Cu(4)] 2+ have been also prepared by the reaction (Eq. (2) or (3)) of formaldehyde with two different amines. 6, 7 It has been revealed that such one-pot metal-template condensation reactions are useful routes toward various types of polyaza macrocyclic complexes that could not be synthesized by other methods.
2-10 In most cases, however, formaldehyde reacts with only one or two kinds of amine species.
There has been minimal research on the one-pot metaltemplate condensations involving three different amines or more. 9 To the best of our knowledge, [M(6)] 2+ (Cu(II) or Ni(II)) is a rare example that prepared from the reaction of three different amines with formaldehyde. 9 Although [M(6)]
2+
bearing one N-Me group is prepared by the reaction (Eq. (4)) of formaldehyde with diethylenetriamine, ethylenediamine, and methylamine in the presence of the metal ion, it is formed at best in low yield (~ 10%) because of competing reactions, such as Eqs.
(1) and (5). 9 Furthermore, the preparation of other hexaaza macrobicyclic complexes containing bulkier pendant arm, such as N-CH2CH3 or N-CH2CH2CH3 group, could not be achieved; [M(2)] 2+ was prepared as the major product when ethylamine or n-propylamine was reacted instead of methylamine. 9 It has been reported that 15-membered hexaaza macrocyclic copper(II) complexes with a 5-6-6-6 chelate ring sequence, such as [Cu (3) (6) (R = CH3 for 1a, CH2CH3 for 1b, CH2CH2CH3 for 1c, and CH2C6H5 for 1d)
Notes
In this work, we examined one-pot metal-template condensation (Eq.(6)) of three different amines with formaldehyde under various experimental conditions and successfully prepared new 15-membered hexaaza macrobicyclic complexes [Cu (L)] 2+ (L = 1a, 1b, 1c, or 1d) with a 5-6-6-6 chelate ring sequence in high yield. Selective preparation and characterization of the copper(II) complexes are reported.
Experimental Section
Measurements. Infrared spectra were recorded with a Shimadzu IR-440 spectrophotometer, electronic absorption spectra with an Analytikjena Specord 200 UV/Vis spectrophotometer, and conductance measurements with a Metrohm Herisau Conductometer E518. FAB-mass spectra were performed at the Korea Basic Science Institute, Daegu, Korea. Elemental Analyzes were performed at the Research Center for Instrumental Analysis, Daegu University, Korea.
Safety Note: Perchlorate salts of transition metal complexes with organic ligands are often explosive and should be handled with caution.
Preparation of [Cu(1a)](ClO4)2 (1a = 9-methyl-1,3,7,9,11,14-hexaazabicyclo[12.2.1]heptadecane). To a methanol solution (ca. 40 mL) of Cu(OAc)2·H2O (4.0 g, 20 mmol) were added 99% 1,3-diaminopropane (1.9 mL, 22 mmol), 97% diethylenetriamine (2.0 mL, 18 mmol), and 40% methylamine (2.2 mL, 22 mmol). The solution was stirred in a cold water bath (< 15 o C) for ca. 30 min, and 35% formaldehyde (9.4 mL, 120 mmol) was added to the cold solution. The resulting blue solution was stirred at 40-50 o C for 20 h. After the addition of an excess amount of NaClO4, the mixture was stored at room temperature to produce a purple solid. The crude product often contains a small amount (< 10%) of [Cu(2)](ClO4)2 as a by-product. The product was collected by filtration and recrystallized from hot water. Yield: 4.5 g (ca. 50%). Anal. 
Results and Discussion
Synthesis. Initial attempts to prepare [Cu(1a)](ClO4)2 from the reaction (Eq. (6)) of formaldehyde with a 1 : 1 : 1 : 1 molar mixture of Cu(OAc)2·H2O, diethylenetriamine, 1,3-propanediamine, and methylamine in boiling methanol were not quite successful because of the competing reaction (Eq. (1)) involving diethylenetriamine and formaldehyde; the major product obtained by the addition of NaClO4 to the reaction solution was [Cu(2)](ClO4)2. A similar result was also observed in the attempts at room temperature. As described in the Experimental Section, however, [Cu(1a)](ClO4)2 could be prepared in high yield (~ 50%) by the careful control of the reaction conditions; the temperature of the solution was maintained at ≤ 15 o C during the addition of formaldehyde and then the resulting reaction mixture was stirred at 40 -50 o C. Although the crude product often contains relatively small amount (< 10%) of [Cu(2)](ClO4)2 as a by-product, [Cu(1a)](ClO4)2 can be isolated readily by the fractional recystallizations of the product. The copper(II) complexes of 1b -1d bearing bulkier N-alkyl pendant arm was also prepared as the major products (yield: 50 -60 %) by reacting appropriate primary alkylamine (ethylamine, n-propylamine, or benzyl amine) instead of methylamine.
All our efforts to prepare nickel(II) complexes of 1a -1d from the similar one-pot reaction in the presence of nickel(II) ion were unsuccessful. The only macrocyclic complex obtained from each attempt was [Ni(2)](ClO4)2. The present result is different from the fact that [Ni(6)] 2+ can be prepared from the reaction of Eq. (4). This may be intimately linked with the trend that polyaza macrocyclic complexes with a 5-6-6-6 chelate ring sequence are much less stable than those with a 5-6-5-6 chelate ring sequence. 6, 7, 11, 12 The formation of the copper(II) complexes of 1a -1d with a 5-6-6-6 chelate ring sequence implicates that the metal ion, which is stronger Lewis acid than Ni 2+ ion, stabilizes the coordinated secondary amino groups involved in the N-CH2-N linkages of the complexes. 6, 7 It should be pointed out that the yield (50 -60%) of the copper(II) complexes of 1a -1d is considerably higher than that reported for [Cu(6)](ClO4)2 (10%), which has been prepared from the reaction of Eq. (4). 1a, 1b, 1c, or 1d) suitable for X-ray crystallography. However, the formation of the complexes could be confirmed by their FAB mass and infrared spectra as well as the elemental analyses (see Experimental cm 2 ) show that they are 1:2 electrolytes. In the electronic absorption spectrum (Table 3) Table 2 , along with those reported for the complexes of 3, 4, and 8. 6, 7, 11 Table 2 shows that the decomposition rates of the complexes of 1a -1d are distinctly slower than those of [Cu ), showing that the decomposition reaction rate of the complexes is strongly influenced by the nature of the N-alkyl pendant arm. As described above, the ligand field strength of the copper(II) complexes of 1a -1d is nearly independent on the nature of the N-alkyl group. The factors affecting the decomposition rate of the complexes are not clearly understood at this point. However, the present result supports the suggestion that one of the most important factors affecting the decomposition reaction may be the "B-strain" of the tertiary amino group involving the N-alkyl group. 13 According to the "B-strain", the replacement of the N-methyl group in [Cu(1a)](ClO4)2 with a bulkier N-alkyl group enlarges the C-N-C bond angles and eventually weakens the proton affinity of the amino group. It is also expected that the proton affinity of the coordinated amino groups at the six-membered chelate ring involving the N-benzyl group in [Cu(1d)](ClO 4 ) 2 is weaker than that involving N-methyl group in [Cu(1a)](ClO4)2 because of the larger ring size caused by the severer B-strain.
Summary
This study shows that the copper(II) complexes of 15-membered hexaaza macrobicycles (1a -1d) with one N-alkyl pendant arm can be prepared in high yield by the one-pot metal-template condensation of three different amines and formaldehyde. The macrobicyclic complexes are much more inert against decomposition in concentrated HClO4 solution than [Cu(4)](ClO4)2 Notes and [Cu(8)](ClO4)2. This work clearly shows that the decomposition reaction of the copper (II) complexes with a 5-6-6-6 chelate ring sequence is strongly influenced by the steric factors of the N-alkyl group, even though the alkyl group is attached to the uncoordinated nitrogen atom.
